The safety and efficacy of adalimumab were evaluated over 24 weeks in Japanese patients with psoriasis in routine clinical practice. In this multicenter, observational, open-label, postmarketing study, primary efficacy measures included the Psoriasis Area and Severity Index (PASI) and the Dermatology Life Quality Index (DLQI) in all patients with psoriasis. In patients with psoriatic arthritis (PsA), the 28-joint Disease Activity Score (DAS28) and the visual analog scale (VAS) pain were also evaluated. Safety was assessed based on the frequency of adverse drug reactions (ADR). Among patients with psoriasis evaluated for efficacy (n = 604), significant improvements from baseline were observed in mean PASI and DLQI scores at weeks 16 and 24 (all P < 0.0001). Furthermore, in psoriasis patients without PsA, the PASI 75/90 response rates were 55.9%/28.4% at week 16 (n = 306) and 65.6%/ 43.3% at week 24 (n = 270), respectively. In patients with PsA evaluable for effectiveness, significant improvements from baseline were observed in PASI, DAS28 erythrocyte sedimentation rate, DAS28 C-reactive protein and VAS pain at weeks 16 and 24 (all P < 0.0001). ADR and serious ADR were reported by 26.1% and 3.3%, respectively, of 731 safety evaluable patients with psoriasis; no unexpected safety findings were noted. The safety profile and effectiveness of adalimumab for the treatment of psoriasis in a routine clinical setting were as expected in Japanese patients.
INTRODUCTION
Psoriasis is a chronic, multifactorial, systemic inflammatory disease with prevalence rates that vary widely by geographic area, reflecting the complex interaction between genetic and environmental factors. 1 Prevalence rates of psoriasis vary from 0.7% to 2.9% in Europe and the USA, compared with rates below 0.5% in Asia. 2 The annual incidence of psoriasis in Japan was estimated to be 0.34% in 2011. 3 The prevalence of psoriasis in Japanese patients in dermatology clinics has been estimated to be 4.43% in a nationwide study conducted from 2007 to 2008. 4 Both psoriasis and psoriatic arthritis (PsA) markedly affect quality of life (QoL), work productivity and employment status, with PsA having a greater impact on QoL and physical function than psoriasis alone. [5] [6] [7] The efficacy and safety of adalimumab, a fully human tumor necrosis factor (TNF)-a antagonist indicated for the treatment of patients with psoriasis, were demonstrated in a randomized, placebo-controlled, phase 2/3 trial in Japan. 8 Because adalimumab is the first biologic agent to be approved in Japan to treat patients with psoriasis, the Pharmaceuticals Medical Devices Agency of Japan requires a prospective evaluation of its safety profile during the treatment of patients with psoriasis in routine clinical practice as a condition of approval. Therefore, a postmarketing study to evaluate the safety and effectiveness of adalimumab for the treatment of psoriasis was performed in Japanese patients in routine clinical practice. The main objectives of the study were to uncover any unanticipated adverse drug reactions (ADR), especially significant reactions; characterize the frequency and occurrence of ADR in clinical settings; and identify factors that may affect the safety and effectiveness of adalimumab.
METHODS Patients
All patients with psoriasis included those with both plaque-type psoriasis vulgaris (PsV) and PsA. Psoriasis patients who were aged 18 years or older and provided written informed consent were eligible to enroll in this study. All patients were unresponsive to conventional systemic treatment including cyclosporin, retinoids and phototherapy, and had skin lesions involving 10% or more of body surface area (BSA) and/or unmanageable joint signs and symptoms. Exclusion criteria consisted of the contraindications listed in the Japanese package insert for adalimumab, which include serious infections, active tuberculosis, a history of hypersensitivity to any ingredient of adalimumab, demyelinating disease or a history of demyelinating disease, and congestive cardiac failure.
Study design
This was a 24-week, open-label, postmarketing observational study (ClinicalTrials.gov registration identifier: NCT01155570) evaluating the safety and effectiveness of adalimumab in adult patients living in Japan. All patients who used adalimumab were enrolled from 20 January 2010 to 20 December 2011, from a total of 202 participating facilities, and were screened for eligibility according to Japanese guidance for the use of biologics for psoriasis. 9 Patients began treatment without a washout period of previous treatment (e.g. cyclosporin). Patients received a s.c. loading dose of adalimumab 80 mg, followed by a 40 mg s.c. injection every other week (EOW) from week 2. Some patients who initially did not respond to treatment were allowed to increase the dose to 80 mg. At the end of the 24-week study period, the investigator completed a case report form for each patient, which described the clinical findings observed during the study period.
Safety assessments
Assessments of safety included the evaluation of ADR. ADR were defined as adverse events (AE) for which the causal relationship with adalimumab was "probable", "possible" or "unclear" (i.e. anything other than "not related"). ADR were considered by system organ class (SOC) and coded with preferred terms (PT) using the bilingual, English-Japanese version of the Medical Dictionary for Regulatory Activities (MedDRA/J) version 15.0. ADR through 24 weeks were examined in terms of occurrence, date of onset, diagnosis or definite symptom, details of the symptom/course/intervention, seriousness, outcome, and possible relationship to the disease and the drug used. Before the start of the administration of the drug, screening tests for tuberculosis infection and hepatitis B virus were performed according to Japanese guidance for the use of biologics for psoriasis. 9 
Effectiveness assessments
Two primary effectiveness measures were evaluated in all patients: the Psoriasis Area and Severity Index (PASI), which grades erythema, infiltration and desquamation of the lesions across four anatomical sites on a scale ranging 0 (no involvement) to 72 (severest possible involvement); 10 and the Dermatology Life Quality Index (DLQI) questionnaire, which measures the extent to which skin problems affect the patient's QoL on a scale from 0 (no effect) to 30 (extremely strong effect).
11,12
Mean PASI scores and the proportions of patients achieving reductions of 75% or more and 90% or more in the PASI score (PASI 75 and PASI 90) were evaluated at weeks 16 and 24. DLQI questionnaires were administered at weeks 16 and 24.
In the subgroup of patients with PsA, PASI 75 was calculated at weeks 16 and 24. Two additional primary effectiveness measures were evaluated in the PsA subgroup. First, disease activity was assessed by the 28-joint Disease Activity Score (DAS28) at weeks 4, 16 and 24. DAS28 was calculated using C-reactive protein (DAS28-CRP) and erythrocyte sedimentation rate (DAS28-ESR), with a score of more than 5.1 indicating high/severe disease activity, 3.2 or more to 5.1 or less indicating moderate disease activity, 2.6 or more to less than 3.2 indicating low/minimal disease activity, and less than 2.6 indicating remission. 13 Second, pain was evaluated using a visual analog scale (VAS) ranging from 0 (no pain) to 100 (pain as bad as it could be) at weeks 4, 16 and 24.
Statistical analysis
Patients who received more than one dose of adalimumab according to its labeled indication did not change hospitals after registration, and continued to make study visits after the first adalimumab dose were included in the effectiveness analysis. The changes from baseline in continuous variables (e.g. PASI, DLQI, DAS28-ESR, DAS28-CRP and VAS pain scores) were analyzed using a paired t-test, with the level of significance set at 0.05. The analysis population for each effectiveness measure was based on the number of observed cases (i.e. data with "unknown" or "unreported" patient characteristics were excluded from the analyses). Safety was assessed throughout the study by the frequency of ADR and serious adverse drug reactions (SADR) in registered, treated patients, except those who changed hospitals after registration or did not return after the first dose of adalimumab. SOC numbers and frequency of all ADR were expressed as the number of patients who experienced one or more ADR within each SOC, and PT numbers and frequency of ADR of particular interest were expressed as the number of patients who experienced one or more ADR within each PT. If the expected value was less than 5, Fisher's exact test was used for a 2 9 n contingency table, with n À 1 degrees of freedom. The v 2 -test was used for other analyses. The level of significance was set at 0.05.
RESULTS

Demographics and baseline characteristics
In total, 749 patients with psoriasis were registered in the study (Fig. 1) . Two patients were registered twice, two patients made no visits after registration, seven patients transferred to other hospitals and seven patients made no visits after the first administration. The remaining 731 patients comprised the safety population and included 509 patients with PsV, 217 with PsA, and five with off-label use including two with pustular psoriasis, two with PsV with pustular psoriasis and one with palmoplantar pustulosis. Among the excluded patients, 21 patients received only one dose of adalimumab, 79 patients were participants in an ongoing clinical trial and 22 patients were administrated adalimumab prior to the start of the study and were therefore excluded, resulting in 604 patients who were evaluable for effectiveness (414 with PsV and 190 with PsA). During the course of the study, 141 of the 731 patients discontinued treatment and 202 of the 731 patients suspended and then resumed adalimumab treatment; the most common reasons for discontinuation included insufficient effectiveness (n = 48), ADR (n = 48) and cost (n = 19).
The baseline demographics and clinical characteristics of all patients with psoriasis, including both PsV and PsA, and the subgroup of patients with PsA are shown in Table 1 . More men than women were enrolled in this study. In terms of the background characteristics of the PsA population, "oral corticosteroids" and "topical and oral corticosteroid" use before and after adalimumab treatment was much more common in the PsA subgroup than all patients. Topical corticosteroids were used more frequently than oral corticosteroid in the PsA population, with the most common treatment combination being any corticosteroid with methotrexate (MTX), despite the fact that the use of MTX is off-label in Japan. Phototherapy treatment was not used for patients in the PsA population after the administration of adalimumab.
Safety
The frequency of ADR and SADR classified by SOC is shown in Table 2 . ADR classified by SOC were reported by 191 of the 731 patients (26.1%) and SADR were reported by 24 patients (3.3%). ADR with a reported frequency of 5% or more were "infection and infestations" (8.8%), followed by those classified into "skin and subcutaneous tissue disorders" (6.4%) and "general disorders and administration site conditions" (6.0%). SADR with a frequency 0.5% or more were "infection and Infestations" (1.1%), "Skin and subcutaneous tissue disorders" (0.5%), and "General disorders and administration site conditions" (0.5%). Serious infectious ADR were reported in three patients with PsA (one case each of diverticulitis, encephalitis herpes and herpes zoster) and five patients with PsV (one case each of facial cellulitis, herpes zoster, bacterial meningitis, pneumococcal pneumonia and pulmonary tuberculosis). The frequency of ADR and SADR by patient background is shown in Table 3 . In patients with PsV, the frequency of ADR was significantly higher in patients with higher body mass index (BMI), a history of allergy, circulatory disorder and hypertension. In the prior drugs, the frequency of ADR was significantly higher in patients with any kind of corticosteroid and phototherapy. In patients with higher ADR, adalimumab was concomitantly used with any kind of corticosteroid, topical plus oral corticosteroid and retinoid. On the other hand, the frequency of ADR was significantly lower in patients previously treated with biologic agents. The frequency of SADR was significantly higher in patients previously treated by phototherapy and with MTX. In patients with PsA, the frequency of ADR was significantly higher in patients previously treated by phototherapy and significantly lower in patients who weighed more, had higher BMI, had concomitant fatty liver or were pretreated with biologic agents. The frequency of ADR in this population was also associated with smoking history at the start of the administration as was the frequency of SADR, which was significantly higher in drinkers at the start of the administration.
Patients were screened for tuberculosis infection by tuberculin skin tests (533/731, 72.9%), interferon-c release assays (IGRA) (362/731, 49.5%), chest X-ray (663/731, 90.7%) and computed tomography (CT) examinations (436/731, 59.6%). T-spot assay was not yet available during the investigation period. Of the 731 subjects, 133 (18.2%) underwent neither reaction testing nor IGRA, and nine (1.2%) underwent neither chest X-ray nor CT examinations. One patient (1/731, 0.1%) with PsV was eventually found to have pulmonary tuberculosis during the study. Prophylactic administration of isoniazid was initiated 42 days before adalimumab administration because of a positive tuberculin test. However, because the medication instruction was not sufficient, isoniazid adherence was low. A positive IGRA result was obtained 98 days after administration and followed by the discontinuation of adalimumab. It resolved after treatment with a total of four antitubercular agents.
Hepatitis B virus (HBV) reactivation was observed in one patient. The patient showed negative for HBV surface (HBs) antigen before the initiation of adalimumab treatment. Thirty days after the administration of adalimumab, antibody tests Unknown in five patients, so the population is n = 726. *Unknown in 74 patients, so the population is n = 657. **Unknown in 19 patients, so the population is n = 198. ‡ Unknown in one patient, so the population is n = 730. § Unknown in one patient, so the population is n = 216. ¶ Unknown in seven patients, so the population is n = 724. † † Unknown in seven patients, so the population is n = 210. Percentages were calculated using only observed data. BMI, body mass index; BSA, body surface area; PASI, Psoriasis Area and Severity Index; PsA, psoriatic arthritis; SD, standard deviation; TNF, tumor necrosis factor. were performed and both of HBs and hepatitis B core antibodies were positive without any symptoms of liver disorder. However, 102 days after administration, hepatitis appeared (aspartate aminotransferase, 40 IU/L; alanine aminotransferase, 48 IU/L) and HBV DNA was detected (<2.1 log copies/mL). Following discontinuation of adalimumab, oral entecavir hydrate 0.5 mg/day was initiated, and HBV became negative 3 weeks later. Because hepatitis had disappeared after 31 days of withdrawal of adalimumab, adalimumab was re-administrated and hepatitis became undetectable. In order to avoid the risk of fulminant on discontinuation of biologic products, the treatment was conducted under the liver specialist consultants. Thirty-nine patients with PsV (5.3%) discontinued therapy with adalimumab solely because of an AE, and an additional nine other patients with PsV (1.2%) discontinued because of an AE and other reasons. Among patients with PsA, 14 (6.5%) discontinued therapy with adalimumab because of an AE. With respect to malignant tumors, 12 patients had a history of malignant tumor and two had a concurrent malignant tumor, although there was no reported recurrence or worsening of malignancy.
Four deaths occurred during the study, and none of these deaths were related to treatment with adalimumab.
Efficacy
Mean PASI scores improved significantly from baseline in patients with PsV and PsA at weeks 16 and 24 (Fig. 2) . At week 16, approximately 56% (171/306) of patients with PsV achieved PASI 75 response, and its response rates improved Univariate analyses of patients with PsV revealed that PASI 75 response rate at week 16 was significantly higher in younger patients, patients with higher proportion of BSA involvement, and significantly lower in patients with liver disorder, patients who were previously treated with cyclosporin and patients with concomitant drugs for PsV (Table 4 ). In terms of concomitant drugs, the PASI 75 response rate was significantly lower in patients using topical corticosteroid and those using any kind of corticosteroid. In the same population, the PASI 75 response rate at week 24 was significantly lower in patients with liver disorder, those with fatty liver, those with kidney (paired t-test) . PASI, Psoriasis Area and Severity Index; PASI 75, 75% improvement from baseline in the PASI score; PASI 90, 90% improvement from baseline in the PASI score; PsA, psoriatic arthritis; PsV, psoriasis vulgaris; SD, standard deviation. disorder, those who were previously treated with cyclosporin and those with concomitant drugs for PsV. The PASI 75 response rate was significantly lower in patients using topical vitamin D3, topical corticosteroid and any kind of corticosteroid as concomitant drugs.
In the subgroup of patients with PsA, the PASI 75 response rate at week 16 was significantly associated with smoking history at the start of administration and was significantly lower in patients previously treated with cyclosporin, topical corticosteroid or biologic agents, and significantly higher in patients previously treated with topical and oral corticosteroid or patients concomitantly using topical and oral corticosteroid (Table 4 ). In the same subgroup, the rate at week 24 was significantly associated with weight and smoking history at the start of administration and significantly lower in patients previously treated with cyclosporin or biologic agents, or concomitantly using topical corticosteroid.
DISCUSSION
The present study was the largest clinical trial to evaluate adalimumab for the treatment of psoriasis in a Japanese population and the only published trial of adalimumab that specifically examined Japanese patients with PsV and PsA.
In this observational study, the ADR results during the 24 weeks of open-label adalimumab treatment were consistent with the safety profile that was reported in previous clinical trials and postmarketing surveillance. Significant improvements in skin assessments, VAS pain and QoL were observed after 16 weeks of treatment, and additional improvements were noted at 24 weeks. PASI scores improved to a similar extent in patients with PsV compared with the subgroup of patients with PsA. Among the patients with PsA, joint evaluations were significantly improved at week 4 and later time points. The mean scores of DAS28-ESR and DAS28-CRP were significantly improved from baseline at weeks 4, 16 and 24 in patients with PsA; the mean DAS28 scores at these time points were at or below levels indicating low disease activity or remission. In addition, DLQI scores improved significantly from baseline at both weeks 16 and 24 in overall patients and in the PsA subgroup.
Tuberculosis is more frequently reported in Asian than Caucasian patients.
14 According to World Health Organization data from 2013, the prevalence and incidence of tuberculosis in Japan are 23 and 18 per 100 000 population, respectively. 15 Despite the fact that tuberculosis screening was carefully conducted before the study, a high incidence of tuberculosis could be expected among patients in any anti-TNF study involving Japanese patients. In the present study, one patient developed tuberculosis after treatment with adalimumab despite the screening procedure. As this study was conducted in an Asian country with a relatively high incidence of tuberculosis (per 100 000 population from 2013 WHO data is 70 in China, 97 in Korea and 400 in Cambodia), these findings demonstrate the safety of using adalimumab with preventive medication and screening. Adalimumab has also been evaluated for the treatment of PsV in Japanese patients in a randomized, placebo-controlled trial. In the phase 2/3, 24-week study (n = 169), treatment with adalimumab at three different dosing regimens resulted in dose-dependent improvements in PASI 75. 8 At weeks 16 and 24, 62.8% and 69.8% of patients receiving adalimumab 40 mg EOW plus a loading dose of 80 mg had achieved PASI 75 response, respectively. Furthermore, patients in the same dose group had mean AE standard deviation changes from baseline in DLQI scores of À5.1 AE 5.73 at week 16 and À5.5 AE 6.06 at week 24. Rates of serious AE, severe AE, AE leading to premature discontinuation and infectious AE were not significantly different between the placebo and adalimumab treatment groups. The most common AE in the present study was abnormal hepatic function; similarly, hepatic events in the phase 2/3 study were more frequent in the adalimumab arms than in the placebo arm. Despite the differences in study design, the phase 2/3 efficacy results were similar to the efficacy Figure 3 . DAS28-ESR and DAS28-CRP and VAS pain score for patients with PsA. DAS28-ESR, DAS28-CRP and VAS values are means AE SD. *P < 0.0001 for DAS28-ESR and DAS28-CRP at weeks 4, 16 and 24 versus baseline by observed case analysis (paired t-test). CRP, C-reactive protein; DAS28, 28-joint disease activity score; ESR, erythrocyte sedimentation rate; HDA, high disease activity; LDA, low disease activity; PsA, psoriatic arthritis; SD, standard deviation; VAS, visual analog scale. Two small observational studies have been reported in the published work for the treatment of plaque psoriasis with adalimumab in Japanese patients. 16, 17 In one study, nine of 11 patients (81.8%) who received treatment with adalimumab 40 mg EOW following an 80-mg loading dose achieved PASI 75 response at week 16. 16 In the other study, 17 patients with PsV treated with 24 weeks of induction therapy with adalimumab (40 mg EOW following a loading dose of 80 mg) were assigned to maintenance therapy with adalimumab 40 mg EOW (n = 7) or every month (n = 10). Among the 15 patients (88.2%) who achieved PASI 75 response at week 24 of induction therapy, responses were maintained with either maintenance regimen for up to 60 weeks. 17 The PASI 75 response rates observed in the present study appear relatively low compared with these two observational studies, but this is not unexpected given the variability inherent with their small sample sizes. Because the current study did not determine the washout period before treatment with adalimumab and there is also a variety in patient backgrounds, these factors might have contributed to relative inferiority compared with the clinical trial with respect to PASI 75 response. Our analysis of factors affecting the PASI 75 response rate revealed that concomitant use of other drugs and corticosteroid was associated with lower rate of achievement of PASI 75. This association was observed both in patients with PsV and PsA at week 24. However, in patients with PsA, the response rate at week 16 was significantly higher in patients previously or concomitantly treated with topical plus oral corticosteroid. Because our analysis was univariate, it is not clear whether the response rate was influenced by the characteristics of patients treated with corticosteroid or use of corticosteroid affected the response rate. From a safety perspective, serious infections, tuberculosis, reactivation of HBV and malignant tumor were reported during the use of adalimumab; therefore, careful attention should be paid to these conditions. There were no deaths related to the study drug and only a few cases of serious infectious ADR or tuberculosis were observed. Comprehensive screening for tuberculosis with the tuberculin skin test, IGRA, and chest X-ray and CT examinations showed that only one patient with PsV eventually developed pulmonary tuberculosis; this patient resolved with discontinuation of the study drug and appropriate medical therapy. With respect to malignant tumors, although 12 patients had a history of malignant tumor and two had a concomitant malignant tumor, there were no ADR related to malignancy.
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Our analysis of the frequency of ADR by patient background showed that previous or concomitant use of corticosteroid is associated with higher incidence of ADR in patients with PsV. In PsV and PsA, previous use of phototherapy was associated with higher frequency of ADR, whereas previous use of biologic agents was associated with lower incidence of ADR. Phototherapy might have been selected due to the difficulty in applying other treatment modalities because of complications, and PsV patients with higher BMI are likely to have such complications. Interestingly, BMI was positively correlated with the frequency of ADR in patients with PsV, but negatively correlated with the incidence of ADR in patients with PsA. These results are consistent with a previous report on the analysis of the impact of BMI in patients with moderate to severe PsV in Spain, which showed that overweight to obesity was associated with a 17% increased risk of having an adverse event (hazard ratio, 1.17; 95% confidence interval, 1.02-1.36). 18 On the other hand, it is possible that PsA patients with lower BMI have a greater risk of adverse events, as previously reported in rheumatoid arthritis patients. 19 Further analysis is necessary to determine the causal relationship between ADR and these factors. Infliximab has also been studied as a treatment for PsV and PsA in Japanese individuals. [20] [21] [22] Compared with these previous findings, the incidence of serious ADR for adalimumab (3.3%) in the present study was numerically lower than that for infliximab (6.94%) in a postmarketing surveillance study. 20 Although the postmarketing surveillance study included both patients with pustular psoriasis and those with erythrodermic psoriasis, the higher incidence of serious ADR is attributable to the higher incidence of serious infections with infliximab compared with adalimumab (2.49% vs 1.1%). 20 In a long-term study of infliximab, the incidence of serious ADR was 3.1%, 21 which is similar to the present results. The present study also found similar results in terms of the efficacy of adalimumab compared with infliximab. After 6 months of administration, PASI 75 was achieved by 65.6% of patients with PsV who received adalimumab, but only 60.7% of patients who received infliximab. 20 Furthermore, in patients with PsA, PASI 75 was achieved by 56.3% of patients who received adalimumab, which is comparable with that of patients who received infliximab (59.4%). 20 The limitations of the current study include the open-label design and the lack of a placebo or comparator group; however, the efficacy and safety of adalimumab were already established in previous randomized, placebo-controlled studies. Additionally, the relatively short duration of treatment (24 weeks) did not allow for the observation of safety concerns that may arise with longer treatment durations. Finally, the findings regarding the PASI 75/90 response rates must be considered in light of the fact that data from 48 patients who discontinued adalimumab due to insufficient effectiveness were excluded from the analysis.
In conclusion, treatment with adalimumab in the clinical setting was found to improve the signs and symptoms of plaque psoriasis and PsA in Japanese patients. Additionally, there were no unexpected findings for the types or frequency of ADR observed in the present study compared with the ADR reported in previous studies in patients from Japan or elsewhere.
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